Abstract
Girardin M et al . Cholestasis in IBD acid, giving a prevalence of 7.15%. Patients with an obvious cause of cholestasis, such as primary sclerosing cholangitis, were then excluded, leaving 1190 participants with total bile acid < 8 μmol/L and 80 with total bile acid > 8 μmol/L. In multivariate analysis, calcium supplementation was significantly associated with cholestasis (odds ratio, 2.36, 95%CI: 1.00-5.21,
INTRODUCTION
Inflammatory bowel diseases (IBDs) primarily affect the gut, but about 15% of patients also present extraintestinal manifestations involving the joints, eyes, skin or liver [1] . Flare-ups of the disease are accompanied by an increase in inflammatory markers (such as C-reactive protein) and cholestasis parameters. In some cases, cholestasis may even present as an isolated increase in blood alkaline phosphatase levels found during routine laboratory follow-up. Clinically, cholestasis is characterized by the presence of jaundice, pruritus or signs of malabsorption, whereas biologically, cholestasis is defined as an increased activity of alkaline phosphatase, gamma-glutamyl transpeptidase, conjugated bilirubin or an increased total bile acid level in the blood.
The causes of cholestasis in IBD, either Crohn's disease (CD) or ulcerative colitis (UC), are multiple. These can range from drug-induced liver toxicity (Azathioprine, nodular regenerative hyperplasia) to specific liver diseases complicating IBD (primary sclerosing cholangitis (PSC), gallstone disease) or para-inflammatory phenomena (TNF-α induced cholestasis) [2] . The proportion of patients with PSC reported in IBD series is about 5% for UC patients and 3.6% for CD patients [3] . The diagnosis of PSC in IBD patients is of the greatest importance because of the high risk of developing colon carcinoma [4] and cholangio-cellular carcinoma. Treatment with ursodesoxycholic acid or 5-ASA have been claimed to decrease the incidence of colon cancer [5] . There are so far no available data on the potential impact of cholestasis on IBD itself. This is an important topic however because cholestasis plays an important role in the malabsorption of liposoluble vitamins, drugs and other liposoluble substances, through the associated decrease in intestinal bile acid concentration and reduced micelle formation. Briefly, after being produced by the liver, primary bile acids -cholic acid and chenodeoxycholate -are glyco-or tauro-conjugated and excreted in the bile into the intestine. At this point, the bile acids are deconjugated by bacteria and transformed into secondary bile acids-deoxycholate and lithocholic acid. Primary and secondary bile acids are then reabsorbed into the entero-hepatic cycle and either glyco-or tauro-conjugated, or transformed into tertiary bile acids-sulfolithocholate and ursodeoxycholate. These pathways could all potentially be altered by IBD. In addition, bile acids are thought to play a role in dysplasia [6] , intra-cellular signalling [7] as well as in interactions with the intestinal flora [8] . Since the exact prevalence of cholestasis in IBD patients remains unknown and because cholestasis may have a profound impact on the course of the disease, a fundamental understanding of its aetiologies and clinical relevance are essential.
The primary aim of this study was thus to establish the prevalence of clinical and biological cholestasis in the Swiss IBD Cohort (SIBDC). The secondary aims were to determine the causes of cholestasis and their prevalence as well as to identify bile acid subtypes in confirmed cases of cholestasis.
MATERIALS AND METHODS
The SIBDC consists of more than 2800 patients with confirmed IBD, included since 2006 from all over Switzerland. Clinical data on the disease type, endoscopy, evolution, treatments as well as complications are available as along with serum samples. Data are collected at inclusion and then yearly, during a meeting with the study coordinator. The exclusion criteria of this study were age younger than 16 years and unavailability of serum samples. IBD activity was described using the Crohn's disease activity index (CDAI) for CD and the Modified Truelove and Witts Index (MTWI) for UC, whereas the site of inflammation was described using the Montreal classification [9] . Cholestasis was defined as a total bile acid (TBA) level higher than 8 μmol/L [10, 11] . In order to measure the prevalence of cholestasis, a TBA assay was performed on all serum specimens using a highly sensitive and specific ELISA test (Labor Eberhard, Dortmund, Germany). Thereafter, a serum bile acid profile was established for all patients with a TBA above 8 μmol/L, and for an equal number of patients adjusted for age and type of disease with a TBA less than 8 μmol/L. These latter patients were randomly selected among those in the SIBDC. This further analysis was performed using ultra-high performance liquid chromatography with tandem mass spectrometry. Serum samples were mixed with a methanolic standard solution. After several centrifugations and dilutions with methanol/water 1:1, the final 20 µL of the supernatant was used for high performance liquid chromatography on a C18 column. The final analyses were performed using a QUATTRO Micro tandem mass spectrometer (Screening-Labor, Hannover, Germany) [12] . For a better understanding of the bile acid profiles, Figure 1 shows a diagram that summarizes bile acid metabolism.
Statistical analysis
Categorical and continuous variables were described as percentages, means and standard deviations. Groups were compared using Fisher's exact test for categorical data and the Student t-test for continuous variables. Multivariate analysis was performed using the software R statistics. All variables with P < 0.1 in univariate analysis were included in multivariate analysis to account for all possible confounders. All significance tests were twosided, and P < 0.05 were considered significant. The statistical methods of this study were reviewed by Mr Fournier Nicolas from the SIBDC.
Ethical considerations
The study was approved by the ethical review board of the SIBDC and of Geneva University in September 2012. Written, informed consent was obtained from each patient included in the study at inclusion in the SIBDC. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a prior approval by the institution's human research committee.
RESULTS
A total of 1342 patients were included in this study, of which 96 had TBA levels > 8 μmol/L, with a mean level of 21.8 ± 18 μmol/L, and 1246 had TBA levels < 8 μmol/ L. The prevalence of cholestasis was thus 7.15%, as defined by elevated bile acids in the SIBDC.
The characteristics of the patients are listed in Table 1 . Age, type of disease and activity indexes were similar in the two groups. There were more males in the cholestasis group (63% vs 51%, P = 0.027) and nonsmokers (83% vs 72%, P = 0.023). Patients in the cholestasis group had lower serum albumin levels (38 vs 39.8 g/L, P = 0.016) and higher serum alkaline phosphatase levels (108.1 vs 69.7 U/L, P = 10 -12 ); a higher proportion received calcium (39% vs 29%, P = 0.038), and vitamin E supplements (3% vs 1%, P = 0.016), and were treated with tacrolimus (3% vs 1%, P = 0.0093) and ursodesoxycholic acid (10% vs 1%, P = 2.8 x 10 -8 ). The proportion of patients with PSC was much higher in the cholestasis group (5% vs 1%, P = 
Characteristics of patients with the highest TBA concentrations
Sixteen patients had very high TBA levels, between 21 and 483 μmol/L, much higher than those of the other patients. A detailed chart review of these particular patients was performed. The apparent causes for such severe cholestasis were PSC for 2 patients, important clinical and laboratory inflammatory conditions for 2 patients (disease flare with high C reactive protein levels), a complex fistula phenotype for 3 patients, and treatment with azathioprine, methotrexate or tacrolimus for 6 patients. In 25% of these patients the underlying cause of cholestasis remained unexplained after complete investigation. In order to better define the factors associated with the emergence of cholestasis, we decided to exclude all patients with an obvious cause of cholestasis (PSC, treatment with calcineurin inhibitors, and transplanted patients, who are often treated with these drugs). We therefore removed from the final analysis patients with PSC (n = 5), patients who had undergone organ transplantation (n = 3), patients treated with drugs known to cause cholestasis, namely cyclosporine (n = 12) and tacrolimus (n = 11), and finally patients who had received drugs that can substantially modify the bile acid metabolism (Supplementary Table 1) , namely ursodesoxycholic acid (n = 16) and cholestyramine (n = 25) drugs. This yielded a cohort of 1190 patients with a TBA level < 8 μmol/L (93.7%) and 80 patients with a TBA > 8 μmol/L (6.3%). All data considered together, we found that alkaline phosphatase levels, albumin level, supplementation with vitamin D, azathioprine use, current smoking status and previous deep venous thrombosis were significantly associated with cholestasis. There was also a close to significant association with calcium supplementation (P = 0.076). Table 2 shows all the comparison between the groups in univariate analysis.
A multivariate analysis of factors influencing the presence of cholestasis in IBD was then performed (Table 3) . We found that supplementation with calcium was significantly associated with cholestasis [OR: 2.36 
Bile acids profile
Bile acid subtype profiles were then determined for the group of 80 patients with cholestasis (TBA > 8 μmol/L) and for 80 patients without cholestasis, matched with the former group for age and type of disease. Results of the bile acid profile are fully presented in Table  4 . Note that the bile acids are classified as primary, secondary or tertiary bile acids. Table 4 also shows the levels of tauro-and glyco-conjugated bile acids and the primary to secondary and primary to total bile acids ratios, to better characterize the different types present. The levels of 13 of these subtypes were significantly higher in the cholestasis group than in the control group, 3 of which markedly so; specifically, for glycochenodeoxycholate, the levels were 4.72 μmol/L vs 1.42 μmol/L (P = 1.54 × 10 . Interestingly, these three are respectively primary, secondary and tertiary conjugated bile acids. Overall, we found that the conjugated bile acids were all more elevated in the cholestasis group than in the control group. Based on these results, we investigated the potential relationship between high TBA levels and three dissimilar factors that can interfere with the metabolism of bile acids, namely the gut microbiota, inflammatory activity, and smoking status. We compared patients with ileal disease to those with colonic disease, patients with high inflammation activity to those without inflammation and active smokers to those who did not smoke. The corresponding univariate analyses are shown in supplementary Table 2 .
Patients with ileal disease were more likely to receive vitamin D and B12 supplementation than those with colonic disease were (35% vs 20%, P = 0.025 and 26% vs 5%, P = 0.0001, respectively). They were also more likely to be treated with certolizumab pegol and budesonide (3% vs 0%, P = 0.041, and 18% vs 7%, P = 0.027, respectively), and less likely to be treated with oral or topical 5ASA (53% vs 15%, P = 5.8 × 10 -7 , and11% vs 0%, P = 0.004, respectively). There was a marked difference in the proportion of smokers in the two groups, with, 90% of patients with colonic disease being nonsmokers vs just 66% in the ileal disease group (P = 0.0001).
Patients with active IBD had a higher UC activity index (8.3 ± 1.2 vs 3.3 ± 0.5, P = 0.0001) while the CD activity index was not different between the two groups. Patients with active IBD were more likely to have anemia (34% vs 11%, P = 0.0007), had lower albumin levels (35.6 ± 1.3 vs 40.2 ± 0.6, P = 0.001) and were more often treated with metronidazole (5% vs 0%, P = 0.014).
Patients who were active smokers were more likely to suffer from CD (81% vs 48%, P = 0.003), and pulmonary embolism (6% vs 0%, P = 0.038) but were less likely to receive systemic steroids (9% vs 27%, P = 0.036).
The differences in bile acid subtypes are illustrated in Figure 2 . Interestingly, there are several significant differences in terms of the site of bowel inflammation (ileal vs colonic). Patients in the ileal disease group were indeed found to have more primary, secondary and tertiary bile acids, specifically higher chenodeoxycholate levels (2.41 μmol/L vs 0.59 μmol/L, P = 3.3 × 10 Low inflammatory activity was associated with a higher glychochenodeoxycholate level (3.38 μmol/L vs 2.15 μmol/L, P = 0.02), a primary conjugated bile acid, whereas nonsmokers had higher taurolithocholate level (0.03 μmol/L vs 0.006 μmol/L, P = 0.007), a secondary conjugated bile acid.
DISCUSSION
In this study, cholestasis was observed in 7.15% of patients in the SIBDC. As expected, the patients with the most severe cholestasis were those with PSC and those treated with a drug known to induce cholestasis.
We were surprised to find a low prevalence of PSC in our cohort (1.1%) compared with the values previously reported in the literature that range from 3.6% for CD to 5% for UC [3] . This might influence the prevalence of cholestasis in our cohort as PSC is one of the most important causes of cholestasis in IBD. One explanation could be that there are more patients with CD than with UC in our SIBDC cohort. We assumed that each case of PSC included in the central registry had been fully verified; however, we cannot exclude the possibility that some cases of PSC may have been missed.
To highlight factors more rarely associated with cholestasis, we chose to compare patients with and without cholestasis after having excluded those with the most common causes. Patients with the highest TBA levels (for example those with PSC or treatment with tacrolimus) were thereby removed from the analysis, making it less powerful. This decision was made to allow a more detailed analysis of the causes of moderate cholestasis, which would otherwise have remained unexplained.
Although some of the causes of cholestasis were expected in certain patients, notably those with higher alkaline phosphatase activity, lower albumin level and increased vitamin D supplementation because of disturbed lipid absorption, some of the other causes identified were more surprising. In particular, we found that patients with cholestasis were more likely to have been exposed to thiopurines than those in the control group. This class of drug frequently causes liver adverse events, including transient elevation of transaminases, or more rarely, nodular regenerative hyperplasia changes [13] . Thiopurine-induced cholestasis has seldom been described [14] . Another interesting point was that active smoking was protective against the development of cholestasis. Because smoking is a well-known risk factor for disease activity in CD, we would anticipate on the contrary that any increased inflammatory activity would lead to more pronounced cholestasis in smokers.
We found that nonsmokers had different bile acid patterns from smokers, with higher taurolithocholate levels, a secondary conjugated bile acid, indicating that this bile acid is better reabsorbed and then conjugated by the liver and suggesting that nonsmokers' intestines are probably more functional. Since stopping smoking has been shown to have an impact on gut microbiota [15] , we speculate that smoking may affect the way in which the microbiota transform bile acids in the intestine.
Calcium supplementation was associated in multivariate analysis with the presence of cholestasis, although this association was only just statistically significant. It is true that calcium supplementation may be a surrogate marker for inflammatory flares of the disease because it is often prescribed in conjunction with prednisone. It is noteworthy that calcium supplementation has also recently been shown to modify the composition of stool and the content of bile acids [16] . Looking at the bile acid subtypes that characterized cholestasis in these patients, we found that patients with cholestasis had higher levels of all the conjugated bile acids. Looking in detail at each subtype, we found that patients with and without cholestasis differed mainly in terms of their levels of glycochenodeoxycholate, glycodeoxycholate and tauroursodeoxycholate, which are conjugated bile acids, respectively primary, secondary and tertiary. This suggests that the liver plays a role in pathogenesis. Similarly, Gnewuch et al [17] showed that UC patients with hepatobiliary manifestations had increased primary and secondary conjugated bile acid levels. Denk et al [18] showed in a rat model of cholestasis that the best anti-cholestatic effect was obtained with conjugated ursodeoxycholate, making hepatic conjugation an essential pathway against cholestasis. The bile acid subtype profiles of patients with ileal disease were very different from those of patients with colonic disease, with all the primary, secondary and tertiary bile acids being found in higher concentrations in the former. This data strongly supports the role of an altered microbiota and absorption in ileal disease. Bile acids are deconjugated and transformed into secondary bile acids, but are less well absorbed in this form. Conversely, we found that primary and secondary conjugated bile acids were significantly reduced in patients with ileal involvement, most probably because of gut malabsorption, a condition already reported in patients with ileal resection by Gnewuch et al [17] Similarly, we identified an increased glycine to taurine conjugation ratio in patients with ileal involvement, which has also been reported previously in patients with ileal diseases [19] . Patients with high inflammation activity had lower levels of glycochenodeoxycholate, a primary conjugated bile acid, than those with a low or no inflammation activity did, most probably because of disturbed intestinal absorption due to inflammation. Both primary and secondary bile acids have to be reabsorbed in order to be conjugated once more in the liver. This data is consistent with previous findings that demonstrated the presence of bile acid dysmetabolism in the stools of IBD patients and lower levels of secondary bile acids in their sera [20] . The main strengths of our study are the number of patients included and the richness of the data in the SIBDC, which is the largest IBD cohort in Switzerland. The main weakness of our findings is the absence of any correlation with gut microbiota, which seems to play a significant role in bile acid metabolism in these patients.
In conclusion, our study reports the prevalence of cholestasis in IBD patients for the first time, with 7% of the cohort being affected. Current smoking activity seems to be a protective factor against cholestasis. However, this may only reflect the effect of smoking on the intestinal inflammatory disease. Regarding bile acid subtype patterns, conjugated bile acids were more elevated in patients with cholestasis, suggesting an intrahepatic process. Interestingly, ileal disease was more often associated with elevated primary, secondary and tertiary bile acids, suggesting bacterial involvement, whereas a colonic disease was characterized by higher levels of conjugated bile acids.
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Research background
Inflammatory bowel diseases (IBDs) are often associated with cholestasis, which can be caused by inflammation, drugs, or extra-intestinal manifestations.
There is a lack of data in the literature on the prevalence and characteristics of cholestasis.
Research motivation
Measuring cholestasis and its prevalence and describing its characteristics and the main associated factors should improve our understanding of its causes and help to prevent or avoid the development of cholestasis in IBD.
Research objectives
The main objective of this study was to establish the prevalence of clinical and biological cholestasis. The secondary objective was then to clarify the causes and characteristics of cholestasis by studying the corresponding bile acid subtypes.
Research methods
A total of 1342 patients from the Swiss Inflammatory Bowel Disease Cohort were included and cholestasis was measured via their total bile acid levels. Patients with the main well-known causes of cholestasis (such as primary sclerosing cholangitis for example) were then excluded to study less obvious causes. The concentrations of different bile acid subtypes were measured in two groups of patients, either with or without cholestasis. The bile acid profiles of patients in the two groups were compared for different clinical situations, notably ileal vs colonic disease and for smokers vs nonsmokers.
Research results
The prevalence of cholestasis was found to be high, at 7.15%. Multivariate analysis showed that calcium supplementation was significantly associated with cholestasis whereas current smoking significantly reduced the risk of cholestasis. Regarding bile acid subtypes, patients in the cholestasis group had higher levels of all conjugated bile acids than those in the control group did. Comparing patients with ileal disease with those with colonic disease, the former had higher levels of unconjugated bile acids while the latter had higher levels of conjugated bile acids. These results highlight the probable role played by gut bacteria and the liver in the different types of cholestasis. What exactly these roles are should now be studied in more detail.
Research conclusions
This study found that the prevalence of cholestasis is high in patients with IBD. Different subtypes of bile acid were associated with cholestasis, colonic disease, and ileal disease, indicating probable interactions between the gut microbiota, the liver and the different types of IBD. As expected, ileal or colonic involvement, smoking status and inflammation activity all modified the type of cholestasis presented by patients. A prospective analysis of cholestasis and its characteristics should be performed to improve our understanding of this condition and develop prevention strategies.
Research perspectives
Cholestasis is frequent in IBD. The characteristics of cholestasis vary with the type of IBD and inflammatory activity. Cholestasis should now be studied prospectively to better understand how the gut microbiota and the liver are involved.
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